Operating and Maintenance Instructions 
for Brushless Three-phase Generators 
of the Two-bearing Design, with the 
Exoiter Equipment Attached 
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= gtator and rotating field winding in tbe rotor. . 


The brusbless design three-phase generators satisfies all re- 
quiremente to be placed on this type of generator as regards 
technical paremeters, reliability in operation, maintenance- 
free service and workmenship. Electronic voltage regulation 
provides for high voltage accuracy and excellent dynamic per- 
formance. Because of the adaptability of the connection dimen- 
sions in perticular the manufecturer of Diesel generating sets 
is offered simplified possibilities of responding quickly to 
specific situations if need arises. 
As to their design and construction the generators meet tbe re- 
quirements of GDR stendard TGL 20675 and of VDE 0550 (Vorschrif- 
tenwerk Deutscher Elektrotechniker — German Llectrotechnicians' 


A 


‚Code requirements )o The generators are also available designed 
and constructed in accordance with other code requirements for 
land and ship service. 





aM generators involved. in this case are of the so-called 
| intermal pole type with stationary operating winding in the 


‚With a brushless design the excitation output of this rotating 
field winding is supplied by inductive transmission so that 
all contact systems which require maintenance and are liable 
Xo wear and tear can be. omitted, 

^Àn. exciter machine in the. form oí a three-phase Mi poda 





" eynohronous machine is used for the inductive transmission, | 





with the three-phase current unit of the machine being also T? 
i arranged on the main generator sbaft. The stationary field = | 
Winding of tbe machine is supplied with current from the stator | 
winding of the generator via a compound ing system consisting 

of choke coil, current transformer ano rectifier: stack. 


Prior to rectification of the summed ourrent a current component Y 
A which is load dependent and supplied by the current transformer 


Foren aU added vectorially to the alternatim: current, “determined by 


the. choke coll, tor the no-load excitation, 
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8. Putting into operation 
8.1 Hints as regards problems of connecting 
8.2 Voltage changing with the special design generator 


9. Hints as regards trouble shooting 

Principal remarks ` 

Checking of rectifier diodes 

Exchange of printed circuit boards or of 
complete voltage regulators 

Error check list 
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Generator does not get excited 

Generator voltage is too low and cannot be 
increased by meaus of Jhe set-point device 
Generator voltage is too high and cannot be 
reduced by means of the set-poznt device 
Generator voltase is substantially reduced 
when load 18 applied 

Current overload in the case of parellel 
operation d 
Generator voltage oscillates 


of the B-side endshield 
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This compounding system has been so designed that the excitation 
output supplied by it at any load condition will be higher than | 
that which is required for obtaining a constant generator volt- 
ege set point. The excessive excitation output available in the 
respective case is conducted by means of a transistor regulator 
via a step-down resistor which bringes about the desired effect 
of a very narrow tolerance of the terminal voltage wıthın the 
entire load range. | 

The ourrent flowing in this way throug the field coil of the 
exciter machine generates an alternating voltage in the rotat- 
ing three-phase winding of this machine, This alternating volt- 
ege is reotified through co-rotating diodes and results in the 
direot current requ for exciting the main epp Henoe 
this current can be supplied by way of direct e connection 
of the rotating field coil of the main generator. 


The magnetic remanence in the iron parts of the exciter machine 
is utilised to initiate the self-excitation. 


3. Degign Featureg 

| The generator together with the exciter machine and all the 
components required for excitation and control form a compaot 
unite “he generator is manufactured in JP 23 standard enclosure 
acce to GDR standard TGL 15165 and is available in the types 
M 101 (B3), M 111 (B20), M 201 (B3/B5) and M 111/M 301 (B20/B5) 
of construction. 
The spatial arrangement of the main assemblies of the generator 
can be seen from the following schedule: 


Driving A-side Blower Stator and Stator and Beside Controller 





shaft bear- rotor of rotor of bear- and other 
| end Ing the gen= the ex- ing components ; 
erator citer diode sup- 
maohine port for 
rotating 
Air liodes a 
outlet Air inlet 


The components located behind the B-side bearim: are arranged 
below a cover of glass—fibre-reinforced polyester. This cover 
ls provided with openings for cooling air admission at the 
front end and a mounting hole in the upper part which makes 
&ll eesential components readily accessiblé when required, 


5.1 Generator 


Stator and rotor of tbe generator are constructed in compliance 
with tbe known principles of construction of modern synchronous 
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machines. The rotor is available in the following construc- 
tıonal variante: 


- as a salient-pole rotor up to including axle height 
h = 355 um, 


- 38 & Bmooth-core rotor with 4- and 6-pole generators from 
en axle height b = 400 mm one. 


In the case of salient-pole rotors the poles are fixed by means 
of fillister-head screws with hexagonal recessed hole, made of 
material G 6. 

An amortisseur winding is arranged in the pole shoe. The field 
winding consists of single- or multilayer pole coils wbich con- 
form to heat resistance class F, these pole coils. being mech- 
anically supported against one another to resist the centri- 
fugal forces occurring. 

Supporting webs for carrying tne stack of sheets sare welded 
onto the centre portion of the shaft of tne smooth—core rotor. 
Thig lamination is provided with air gaps analogous to the 
gtator and is held together by means of stable clamp rings. The | 
slots provided in the sheets serve to receive the field winding 
and the amortisseur winding arranged in the centre of each pole 
pitch» The individual amortisseur bars are short-circuited via 
the clamp ringge ` 

The field winding consists of copper wires and oomplies to 

heat resistance class Fe The coil ends are provided with a 
nonmagnetio tape to support them against centrifugal forces. 

The whole rotor is subjected to several vacuum impregnationse 


Both types of rotor ere dynamically balanced. 


A Bturdy oagt or welded construction was chogen for the stator 
frame, depending on the size. For the special types M 111 

(B 20) and M 111/M 201 (B 20/B 5) of construction the frames 
are so designed that it is possible, for instance, to sorew op 
legs of different dimensions according to standard DIN 6281. 
The location ot the terminal box can, be seen from the dimen- 
sional drawing and the marking of the terminals from the funo- 
tional wiring diar;ramme, > 


‘The material used for the terminal board is in line with the 


degree of climatic protection of the generator for wbion it is 
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designed. Watertight cable inlets according, to GDR standard 
"GL 6050 are provided for leading~in the cables, 
in the terminal box and in the stator frame there are located 
a marked protective conauctor connection each. 

With the higher power applications the stator wibdim: 18 de- 
signed as a two-layer preformed winding and in all other cases 
as a two-layer drop-in windings 

"he slots are closed by ueans or wed,;es. À stable construction 
of the coil according to neat resistance class F is obtained 
through supportin, rings (cylindrical netul rings) wuich re- 
tain the coil ends and by taping the coil ends anú also by 
subjecting the complete stator to several vacuum impregnations 
with speciaktype lacquer. 








w The A-side bearing bracket is designed with or without coupling 
flange, depending on the design variant. The coupling flan ses 
are in compliance with SAE standard requirements and their 
classification is in line with senerator sizes accoruin; to 
DIN 6281. | 





| The A-side bearin;; bracket 1s either a cast or a welued con- 
| struction, the B-side bearing bracket is principally a .est 
construction. Antifriction bearin;s are used as the bearin:s, 
namely 


| 
| 


~ on the A-side: 
cylindrical roller bearings of the nedium-heavy series lu > 
— on tho B-side: 





ww up to incl. h = 400 mm: grooved roller bearings or the T 
L medium-heavy series 65 * 
from h-z 450 mmi cylindrical roller und ,;rooved roller 


— 


bearings used as a double bearing 
systeme 
H The fixed bearing is always located on the Beside, the loose 
3 bearing on the A-sides From h = 515 mm on, all bearing systems 
| are equipped with repacking devices with automatic control > 
oí the quantity of ‘;rease. Labyrinth seal rings built into the 
bearings make the bearings dustproot and in this respect being 
,in compliance with JP 5 standard enclosures 
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All besrings are amply dimensioned and are designed for a cal- 
culated service life of greater than 30,000 hours, It is im- 
perative that the attached lubricating and maintenance instruc- 
tions for antifriotion bearings be strictly observed. 


A radial blower located within the A-side bearing bracket pro- 
vides an effective draft ventilation of the entire generator, 
with the cooling air being sucked in on the B side and blown 
out on the A side. Direction-of-rotation-dependent fans are 
partially used to reduce the noise nuisance due to the air 
blowing. 


Zee Exciter Machine 

The stator of the exciter machine is mounted to the B-side 
bearing bracket and its pole system for direct-—current ,enera- 
tion protrudes into the generator. The pole coils consist of 
copper wires. The pertinent compounding system is explained 
in Item 5e2. 


The rotor of the exciter machine is pressed on to the generator 
shaft in the form of a riveted stack of sheets and is fixed in 
place and secured against being turned by means of a knurled 
Boat. The rotor carries the three-phase windine of copper coils, 
which sre star—connected and coupled with the rotating diodes. 
These being in three-phase bride connection are accomodated on 
a special diode carrier, in conjunction with the components for 
the protective circuitry, Since this carrier is seated external 
to the B-side beering system on the generator shaft, it is 
readily accessible and does not pose any difficulties should 

an exchange of diodes become necessary. The lead wires from 
this diode carrier are passed directly to the field coil of the 
generator through the axial hole in the generator shaft, 


Attachments 
tel Thermal Winding Protection ` 
A thermal stator winding protection for use of the generator 


‚under more severe operating conditions can be realized, on 


customer's request, by installing three series—connected thern- 
&lly controlled sensistors. These sensistors, in connexion with 
an electronic module not included in the parte supplied by us, 
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provide an initiating signal as soon as the stator winding 
starts to get overheated. The sensistor conductors are led to 
the terminal board and marked. 

The thermal protection is imperative when the generators have 
to be equipped with cooling eir filters. This provision does, 
however, not include a protection against thermal overloading; 
of the rotor winding, e.g. when operating with power factors 
as low as smaller than cos phi = 0.8. 


4s2 Heating Provided for Periods of Stoppage 


For generators intended to be used in marine service or in 
tropical re, ions, a special insulation is provided which meets - 
the requirements of the types T II or M II of climatic protec- 
tion according to TGL 9200 (GDR standard). In these cases it 
is also possible, upon customer's request, to install a L 
ng ide a : i page to prevent the gen- 
erators from getting wetted with dew during prolonged periods 
of stoppage. 
Tbe beating consists of an insulated heating conductor which 
25 arranged inside the generator on the A and B sides. The 
heating power amounts to 320 W when operated from a 42 volts 
dc or ac supply. 
in this case the two marked terminals are also arranged on 
the terminal board, 
Unintentional actuating of the “heating provided for periods 
of stoppage" during generator operation must be prevented by EU! 
suitable measures (interlocking mechanism). 














De Description of the 


5.1 Electric Function 


The exciter equipment consists of the following; essential as- 
semblies as specified in the attached functional Wiring dia- 

gramme t ` p 
— Choke coil for no-load excitation (6) 

- Current transformer for losd-dependent excitation (7) 

— Compounding rectifier (8) 
= Electronic voltage regulator (9) with step-down resistor r 25 

and statice current transformer for parallel operation (10). 
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the electronic voltage regulator is contained in lien 6. 
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Self~excitation of the generator is based on the magnetic re- 
manence. The remanent voltage generated at rated speed in the 
Stator winding of the generator causes a small current to flow 
vie the choke coil (6) connected to the phases U, V, W and vie 
the rectifier stack (8) through the stator winding (4) or the 
exciter machine and effects initiation of the self—excitation 
procedures 

The choke coil (6) prevents the exciter current or the exciter 
macnine from exoeeding a specific value, This value is depen- 
dent upon the air gap between coil core and coil yoke and 18 
so selected as to its size that the generator, with the elec- 
tronic voltage regulator disconnected, gets excited until a 
voltage level is reached being about 10 % Ligher than the 
generator voltage (at rated frequency). 

By means of the current transformer (7), through the pr iuary 
winding of which the consumer current ilows, an additional ex- 
citer curren; is ¿enerated required because of the armature 
reaction ocourring when the generator is loaded. This current 
ig added vectorially to the choke coil current and 18 also 
higher than that load-dependent proportion required for main- 
taining the rated voltage. 

After rectification in the compounding rectifier (8), which is 
a Bix-pulse uridge connection, the entire exciting alternating 
current gets to tne Btator winding (4) of tne exciter machine. 


To protect the generator from voltage peaks ‚wluich may Cause 
danger to the diodes, the rectifier stack (8) and the rotating 
rectifier (5) are provided with suitable transient voltage sup- 
pressors s 1 or s 2 (resisturs, varistors or selenium transient 
voltage suppressors ). | 
As soon as the rated voltege is exceeded,the step-down resistor 
r 25, which is connected in parallel Wits the compounding rec- 
tifier (8), is switched on by the electronic voltaje regulator 
(9) by the aid of the power transistor p je in this way the ef- 
fective current flowing through the stator winding (4) of the 
exciter machine is limited to a value reyuired for maintaining; 
the terminal voltage of the generator at a value preset by the 
set-point device r 11. A detailed functional description of 
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502 Design Features 


All assemblies pertaining to the exciter equipment are mounted | 


to the B-side bearing bracket of the generator and are covered 
with a cover permitting air to flow in and thus to cool the 
heat-dissipating components. 

The three-phase no-load choke (6) consists or inoividuel E- 


shaped dynamo sheets. On each salient pole one coil is arranged) - 


Both ends of a coil are led to a terminal strip attached to the 
choke coil The yoke is mounted in such a way that the required 
air gap and bence the rated choke current can be adjusted. 

The current transtormer (/) 18 also three-phase and its steel 


sheet core structure 18 similar to that described for the ohoke| — 


coil. But in contrast to the no-load choke no air gap is pro- 
vided between the core and the yoke, On the lower pert of each 


salien pole there is arranged a primary winding oï rectangular |s 


copper and above that the secondary winding on a separate ooil 
base. In the case of higher output generators the compounding 
transformer may also consist of three single-phase current 
transformers. 


The compounding rectifier (8) consists oi six individual diodes 


with difrercnt ¿low directions, turee oï which having the re- 

spective polarity are in eaci: case forced into a common coolim: 
surface, The rectifier in combination with the trausient volt- 
age suppressor 8 2 (overvoltege protector), the smoothing capac 
itor o, and the step-down resistor r 25 iorm a compact assembly 


The electronic voltage regulator (y) is accommodated in an en- 
closed case in a dust- and airtproof manner. The electronic con 


ponents are arranged on a printed circuit board ami are protect 


ed against impact and vibrations by an insulating sealing cou 
pound. Electric connection of tne printed circuit board is via 
a plug board. In the enclosure there are also accommodated the 
transformer m 1 and the set~point device r 11, which can be ad~ 
Justed by means oi a screw driver from outside through an open- 
ing, however, ?he power trarsistor p 2 and tiie adjustable 
statics resistor r 26 are arranced external to nue case to pro- 
vide for better coolin; and ready accessibility. 
The statics current translormer is a component of tue exciter 
equipment and is mounted to whe bearing bracket as a separate 
component. Connection of the electronic voltage regulator and 
= | re ee | Ese dann = < | ^ | | — 


Avuscgoe .523 


| Greer 





- 





C 











of the otber assemblies is via terminal strips with the con- 
ductors marked in respective colours, 


Function of the Electronic Voltage R ulator 
oe Oge Regulator 


The electronic voltage regulator as included in the attached 
functional circuit diasyramme consiste of the following func- 
tional groups: 


- Current supply and actual value registration 
— Set-point specification 

Variable-gain amplifier 

Sawtooth generator 

Comparator for pulse width modulation 

~ Exciter and output stage 


The input transformer m 1, which on its primary end is connected 
with the generator phases J and V, has separate secondary wind- 
ings for current supply (solder lugs 6 and 7) and for &ctual- | 
Value registration (solder lugs 4 and 5). Rectification of the 
Supply voltage is efiected by means of a two-pulse uridge cir- 


cuit (n1 to n 4), The capacitor c 1 is used for smoothing. 


By means of the Z diodes n 15 and n 16 the supply current ig 
divided into two zero-synmetrical components of equal ma nitude 
ana is stabilized. in this way the positive and the negative | 
operatin;, voltajes for the operational amplifiers 1S 1 and IS 2 
are made available, | 
Another two-pulse vridge circuit (n7 -n 10) eftects the recti 
fication of the actual-value voltage, The filter chain c 3, c 4, 
r 7 ı8 intended to effect smoothing. 

The statics current transrormer (10) to be connected in the oase 
Os parallel operation has a direct effect on the actual-value 
registrations At the statics resistor r 26 tuere is a voltage 
drop, which is proportional to the load current, "his will cause 
the generator voltage to show & nore heavily decreasing tendenoy 
as the inductive load increases, Resistor r 26 is adjustable go 
that the statics of the o9uerator can be adjusted as operatin, 
conditions may require, 


The set-point voltage is obtained from tie negative operating 





tor r 12 vorm a voltage divider which makes it possible to adjust 


voltage (r 10, n 14). The variable resistor r 11 and the resis- | 
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the no-load voltaze of the generator in the planned range (see 
Item 7.3). Via a network (r 15 - r 15, c 9) the set point will 
get to the input of the variable-gain amplifier. The resistor 
r 15 becomes ineirective when a switchboard set—point device is 
connectedo 

The variable-gain amplifier consists of the operational ampli- 
iier IS 1. It becomes occupied with the actual value on the in” 
verting inlet via a neutralizing resistor r 8 and on the non 
inverting inlet with the stabilized set—point voltage derived 
from the operating voltage. Comparison between get value and 
actual value and the amplification of the differential voltage 
of the control deviation are eifected in the variable-gain an- 
plifier, The static gain is adjusted by means of r 9. The re- 
sistance-capacitance (RC) member c 15, r 24 rorme & dynsmio | 
feedback devioe by means of which it is possible to obtain a S 
desired transient response. Dbimensioning of the feedback is de=- 
pendent upon the type of generator and serves to obtain optimum 
adaptation of the control equipment (electronic vers regule- 

tor) to the controlled system (;:enerator). 

ihe components r 17 and n 14 are designed to limit the ore 
voltage of the varıable-gain amplifier. 

Phase locked mains synchronous operation of the regulator is 

ensured by means of a sawtooth generator which is triggered with 

the mains frequency. The pulses which effect a short-time actu. 
ation of transistor p 1 are ,enerated by means of the two-pulse 
bridge circuit n 5 - n 8 end the components r 2, r 3 and n 11, | ~ 
Tois involves a very quick discharge of capacitor c 5 which had 
been charged via resistor r 5 during the blocked phase of p te | = 
The volta;e across c 5 inoreases almost linsarly during the 
chargin procedure go that a sawtooth-shaped voltage curve is 
formed, 

The operational amplifier IS 2 is oonnected as a comparator. 
The comparator compares the output signal of the variable-gain 
amplifier (difference between actual and set value) with the j * 
sawtooth voltage aud changes to the reverse polarity whenever 

there is a voltage balance on the inlets. A pulse-width modu- 

lated square-wave voltage is generated at the outlet of the 
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The driving transistor p 2 is located with its base on the 
outlet of the comparator, with the resistor r 18 being inter- 
conneoted, and is triggered by the square-wave pulses. Tie 
nonstabilized supply voltage applied to the smoothing  capa- 
citor o 1 serves as bhe operating voltage of the criver 
stage. Transistor p 2 switches the output stage transistor 

p 3 which is located in the step-cown circuit, together with 
resistor r 25, and which reduces tne excitation to the level 
required for generator voltage stubilizution. 


Operutio vio 
7.1 NI- f C ation 


Self-excitation is initiated by the remanent voltage or the 
gener..tor. ás soon as ruted speed is reached, the voltage set 
by means of the set-point device is automatically udjusted. 


Normally the remanent voltage of brushless zenerutor is suffi- 
ciently high to ensure self-excitation even after stoppages. 
Should after especially long shut-down times the resilual mag- 
netism have become too small, self-excitution can be initiated | 
by temporarily connecting a battery (6 V to 12 V) to the termi- 
nals K3, K4 in the terminal box of the generator (positive pole 
to K3, hegative pole to K4). dhen tne generator becomes 
excited, the voltage applied to the stator winding of the 
exciter machine exceeds the value of the battery voltage sc 
that there will be a reverse current flux if the connection 

is not interrupted in time. Therefore, customers are recom- 
mended to provide an adequately loadable diode (note the 

flow direction) between the battery and the terminals K3 or 

K4 so as to prevent current direction reversal. 
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7.2 De-excitation 

If the generator is to be de-excited with the prime mover run- 
nung, short-circuit the terminals K3 and K4 via a contactor 

or a suitable switch, Then the terminal voltage of the gener- 
ator wıll return to remanent voltage. 


7.3 Voltage Control R 


By means of the set-point device r 11 the generator voltage may 

be adjusted within a range of Ï 5 % of rated value. This resis- 

tor 18 factory-adjusted in such a way that the generator puts 

out the voltage indicated on the rating plate. The variable = 
resistor r 11 is provided with a lock securing against auto- 

matic misadjustment; unsorew this lock before actuation and 
subsequently slightly tighten again. 





It is possible, if required, to connect a switchboard set- 
point device (variable wire resistor 2.5 k  ; 2.5 W) via the 
terminals K1 and k2 in the terminal box of the generator. 
: , Customers are recommended to use a shielded line for connec- 
| | tion. Besides it is necessary that the bridge between the ter- 
minals R7 and RB on the terminal strip of the voltage regula- 
| | tor be reversed to tbe terminals R6 and R7. The control range 
| of the external set-point device is approx. * 5 % of the rated 
voltage. 





By the use of the electronic voltage regulator the set generator 
voltage is stabilised during static operation with a tolerance L 
of Ï 1.5 % between no-losd aná full-losd, with power factors 
between cos Y x= O (inductive) and cos g = 1. This voltage 
stability is applicable also in the case of a speed drop of the 
prime mover of up to 5 % and is independent of the state of 
heating of the generator. 


À throwing in of rated power at c0s Y = 098 results in a volt=| -~ 


E age dip of approx. 15 4. The settling time amounts to less 
than 300 »800 + 
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7e» Bhape of Voltage 


The generator voltage is practically simsoidal, According to 
the general requirements the maximum deviation from the sine 
shape amounts to less than 5 x. 


7e6 Degree of Radio Interference 


The generators are in compliance with the "F4" degree of radio 
interference according to GDR Standard TGL 20 855, or with "N" 
degree according to VDE 0875 1f not otherwise agreed upon with 
the manufacturer. 


de? Direction of Rotation 

lf the generator is to be operated in a direction of rotation 
Opposite to that specified on the rating plate, inquiry with 
the manufacturer is an absolute requirement. If the generator 
is designed and suitable for use in both directions of rota— 
tion, merely the leads of the statics current transformer to 
the terminals R4, R5 of the voltage regulator need be ex- 
Changed (see Functional wiring diagramme ), 


708 Short—circ uit Response 

A stable permanent short-circuit current is ensured by means 

of the current transformer in the case of three—phase terminal 
short circuit. Generator and exciter equipment are so designed 
that they withstand the thermal and mechanical stresses in case 
af a short circuit, The permanent short-cirouit current will 
reach a value of at least three times the generator curreut 
rating and is permissible over & period of up to 5 sec, 


709 Single Operation 

If the generator is to be used only in single operation, it 

is advisable to connect the terminals H4, R5 on the voltage | 
regulator with a bridge (short circuit of the statics current "à 
transformer) in order to fully utilise the high voltage sta- 

bility of the controlled design, 
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7.10 Para O atio 


7.10.1 Syncnronization 

Connecting the generators in parallel can be done by method of 
fine synchronization, coarse synchronization or by quick syn- 
ohronization. Thereby no special stresses will occur if fine 
synchronization is carried out properly by means of synchrono- 
scope or lamp connexion and in the case of electronic balance 
by means of quick synchronization. The generator beingX at 
no-load condition will be switched on after frequency and phase 
compensation is precisely adjusted. Accurate voltage balance 
is, however, no absolute requirement, 1. e., the voltage difre- 
rence resulting from the different load conditions of the two 
Systems to be connected has no disadvantageous effect on the 


Synchronization procedure. 


-Ourse Synchronization, preferably employed in the case of in- 
Stallations used in marine service, is effected through & cen- 
tral synchronizing air-core choke for all generutors of an in- 
Stallation. As soon es a generator is connected (switched on), 
this synchronizing choke is temporurily interconnected between 
generator and bus bar so that the occurring balancing currents 
become limited to a permissible level. It is possible to oon- 
nect (switch on) the excited generator without any additional 
voltage belancing with the two voltage systems being at whatever 
phase position relative to each other. A coarse frequency cea- 
pensation is required in this case, with frequency differences 
of up to approx. 1.5 Hs permissible. The generator to be oon- 
nected (switched on) should, however, always have the higher 
frequency so that it takes over actual load at once, 


After the transient effeot have. died, out, the choke is 
short-circuited by cutting in the generator power switch and 
18 again available for connecting additiomal Generators in 
parallel after the synchronizing switch has been cut out, 
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Make sure there is a time lag betwen cutting out the synchro- 
nising switch and sbort-oirouiting the choke. If the current 
flustuations prior to or after outting in the power switch 

do not dye out, then the generator has not reached synchronisn | 
and the synchronising procedure must be repeated. After com- 
pletion of the synchronising procedure the final load distri- 
bution is achieved as usual by respective adjustment of the 
Diegel fuel controller, 


7.1002 Statics Adjustpent 


For parallel operation af generators it ig at any rate neces- 
sary to remove the bridge between the terminals R4 and R5 on 
the voltage regulator so that the statios current transformer 
starts to function. This causes the characteristic curve pf 
voltage to assume a falling characteristic as a function of 
the ourrent and of the power factor. This falling tendency 

of the characteristic oan be varied by means of the stetice 
resistor r 26 when the generator is stopped. 


The factory~adjusted statics amounts to approx. 3 % at rated 
current and cos $ = 0,8. In this way a uniform distribution 
of the reactive load to the generators running in parallel 
is obtained without the use of a compensating lead. 


The voltage stability obtainable in the case of parallel oper- 
ation is dependent on the statics adjusted. 


7.1003 el Run ip Isolated tion 


There are no limitations to & perellel operation with genera- 
tors, whether they have equal or different ratings, of the 
series 3 SBE/3 SHEV. Parallel operation with other types and 
with foreign makes presupposes that it is possible, with all 
generators, to adjust practically similar statio voltage char- 
acteristics having a falling oharacteristig. Normally, this is 
possible with generators provided with electronic exciter 
equipment or other controlled systems (set-point device, 
veriable statios). Besides the generators must be equipped 
with damping windings. To obtain a uniform distribution of 
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actual load it is required that the speed governors of ine 
prime movers be adapted to one another (same proportional- 
control zone). 


When putting a unit into operation, a first and final edjust- 
ment of the generators is required, with the followin; items 
to be noted: 


- Get no-load voltage of all generators to the same value by 
means of the set-point devices. 


- Apply rated power, if possible, to all the generators in 
single operation, at rated power factor, and find out whether 
there is an approximately similar voltage dip wita all gen- 
eratorse 1f there are substantial deviations, the statics 
resistors are required to be adjusted anew (stop the genera- 
tor prior to readjustment). A statics of 3 to 4 % at rated 
power and rated power factor is sufficient to ensure stable 
parallel operation. This test must not be carried out with 
purely ohmic load applied since the statics remains ınef- 
fective in tnis case, 


- Check whether all prime movers show a similar percentage 
speed drop between no-load and full-load when in single 
operatione 


701064 Parallel Operation with Mains 


The stable parallel operation of an electric generator set 
on a "fixed" mains presupposes that overloading be avoided 
where the mains conditions vary. 


On tne side of the actual load application this will be ensured 
by an appropriate statics (speed drop) of the Diesel governor, 
If the mains frequency falls or rises, this will result - in 
compliance with the characteristic of the Diesel fuel - in 

a loading or deloading of the generator set, 


In order to avoid reactive powér overloads of a generator on 
the mains, the generator voltage is required to be lowered 
as the reactive power increases. 
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The generator oan be adapted to all maine conditions and any 
load point can be adjusted through edjustment possibilities 
provided by means oi the set-point device., The greater the 
statics, the smaller are the current variations with varia- 
tions in the mains voltage. 


7011 Emergency Operation 


If there is a defect on the voltage rezulator and if no re- 

serve regulator is available, it is possible to maintain an 

emergency operation, To this effect, disconnect the leads 

from the connection points R9, R10, R1 and R2 (R3) af the 

voltage regulator, fasten these pointe in a suitable way and 

provide the ends with a safe insulation, If the voltage regula- 
— tor is to be removed from the generator for the purpose of re- 
€ pair, treat the remaining ingoing lines in the same way and 

| also short-circuit the statics current transformer (10) on 
the secondary side (terminals k — 1), 


Connect a variable resistor, having a maximum value of approx, 
100 82 and a current-carryin capacity of at least 1 A, to 

the terminals K3, K4 in the terminal box of the generator. 
Caution! The resistor carries mains potential (to be protected 
&caingt contacting). 





By means of this resistor it is possible to adjust generator 

voltage rating at no-load condition. 4hen loaded, keep volt- 

NS age permanently under control and maintain it in the required 
wi range by readjusting (an as constant load as possible is of 

SÍ advantage). If one puts up with a greater voltage tolerence, 
) a load-dependent readjusting can possibly be dispensed with, 


Se Putti into eration 


8.1 Hints ag Regards Problems of Connecting 


brior to putting the generator into Operation, check once more 
whether the generator is connected in compliance with the 
functional wiring diegremme, 

Note in particular the instructions contained in Items 7.1, 
doly e39 Tels 709 and 7210 of the present operating and 
maintenance instructions. — | 
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If desired, tbe generators may be designed and constructed in 
such a way that operation is possible optionally on a 50 Hg 
and 400 volts supply and also on a 60 Hs and 450 volts supply. 
Changing over to the 60 Hs/450 volts is made by reversing the 
choke coil leads from X,, Y,, Z4 to X>, Y,, Z, and by changing 
the ingoing line to the voltege regulator from Re to RJ (see 
Functional wiring diagramme ). | 

Prior to putting into operation, check whether choke coil and 
voltage regulator are connected to the terminals in accord- 
ance with the rated voltage desired and whether the speed of 
the prime mover is in line with the pertinent rated frequency. 


Hints as Regards Trouble Shooting 
92% Principal Remarks 


‘When an error has occurred, stop the prime mover, as a general 


rule, for being able to subject the components of the exciter 
equipment and of the regulator to a visual inspection, with 
the equipment in a dead state. 


Should no obvious demages be detectable, such as scorched 
spots, burned components or parts of the windin;;, desolaered 
Joints, loose clamp terminals, then check the exciter equip- 
ment while observing the instructions given below. 


Any checks and any replacement of components must only be 
oarried out with the equipment stopped. 


9.2 Cheoking of Reotifier Diodes 


Checking of diodes may be done by means of a wiring con 
tinuity checker. Priog. to checking, disconnect the oom- 
ponent concerned. 3 
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Connect the diode in series with a battery (approx, 5 volts to 
6 volts) and an incandescent lamp and reverse polarity. The 
diode must permit current flow in one direction and block tie 
flow in reverse direction, | 





Iuverse direction 


Direction of 
current passage 
+ " - 





| JM 9.5 Exchange of Printed Circuit Boards or of Complete 
j | Voltage Repulators AS 
Q A standard LP1 printed circuit board is used with all genera- 
tors of the type series 3 SBu/3 SBEV. Only the components 
| c15 and r24 depend upon the generator type. These are con- 
— necteá to the printed circuit board on the side of printed 
o circuit board insertion by means of soldering lugs and will 
| not be embedded into the sealing compound. 
| = LPA printed circuit boards may be exchanged irrespective oi 
| the generator size and rated voltage, on condition that an 
RC element (015, r24) be inserted which is in compliance w1tu 
original printed circuit board component insertion systelue 
When meking replacements, note the polarity of tue electro- 
lytic capacitor and disconnect the soldering iron from tne 
mains (unplug the coupler plug). 


LP 
side os printed 
circuit board 
| component 
insertion 





If the replacement of a complete voltage regulator is requireu, 
the above instructions should also be noted. in addition, 

make sure that input voltuj;e oi the reserve rejulator is in 
compliance with rated generaior voltage. 














Oe Error Check Lig t 


Je'tÀ Generator does not get excited 


Check speed of the prime mover, 


Examine the terminal connexions on the no-load choke (6), 

on the current transformer (7), on the compounding rectifier 
(8), on the stator Winding (4) of the exciter machine and 
the connections between these assemblies, 


Check whether there is a defeot on the voltmeter in the 
switchboard, 


Check the diodes of the compounding rectifier (8) arter it 


has been disconnected from the three-phase and direct our E 
rent sides. 

1f there is a defect, exchange either the complete rectifier 

or the diode support concerned. Three diodes each, having Ï 


the same conductin;, direction, are forced into a common 
support (cooling, plate). The second diode Bupport is equipped 
with diodes of the reverse conducting direction (note this 
fact when makin: replacements and Gave diode type when 
ordering spare parts), 


Check the diodes of the rotating rectifier stack (5). To 

do this, unscrew (by loosening one screw) and remove the 
turee coolin; bodies equipped with one pair of diodes each, 
located outside of the B-side bearing on the generator shaft, 
When putting on again, make sure diode modules rest properly 
on the guide rings and note that screws be tightened ac- 
cordingly» | 


3 


Ri 575. 


Remanent voltage is too small as a result of prolonged stop- 
page or other influences. In this case initiate self-excite- 
tion by means of an external voltage while observing the in- 
Stallations contained in item Pele 

if remanent voltage is to be measured, disconnect the connec- | 
tion between compoundin,; rectifier (8) end stator winding (4) 
oí the exciter nachine for Balety reasons. | 
Do not touch live parts since the remanent voltage is norm 
ally within the range from approx. 15 to 50 volts, 
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Jelte2 Generator voltage is too low and cannot be increased 
by means of the set-point device 


- Check the speed of the prime movero 


- Check whether the bridge between the terminals R7 and R8 of 
the voltage regulator is inserted and whether the switchboard 
set-point device is properly connected (note Item 7.5). 


- Check the rectifier stacks (5) and (8) (see Iten 9.4.1). 


- Put voltage regulator out of operation by disconnecting the 
leads from R1, R2 (R3), R9, R10 (fasten anā insulate the 
leads). Now a generator voltage of approx. 1.1 Urateg met 
be present at rated speed and no-load condition. If this is 
the case, there is a defect on the voltage regulator (note 
Item 9.3 wben making replacements). 


- If no reserve regulator is available, carry out emergency 
operation, if necessary (see Item 7.11). 


~ If voltage is still too low after putting the voltage regula- 
tor out of operation, check whether there is an air gap be- 
tween core and yoke of the choke coil (6) and cheok the yoke 
fixing. Possibly enlarge che air gap so that a generator 
voltage of approx. 1.1 U d will be brought about without 
the voltage regulator. 


rate 


9.4.5 Generator voltage is too high and cannot be reduced 
by means of the set-point device 


- Check the connections R1, R2 (R3), R9, R10 on the voltage 
regulator. 


- Put the voltage regulator out of operation (see Item 9e4.2) 
and check whether a generator voltage of approx. 1.1 Urated 
will be brought about. if this is the case, replace voltage 
regulator or LPT printed circuit board (note Item %eo3)e 


- If no reserve parts are available, possibly cerry out 
emergency operation (see Item 7011). 
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= If veltege is still to high after putting the voltage regu- 
later out of operation, check the choke coil (6) for shorteá 
turns and obeok yoke fixing. Possibly reduce air gap so 
thet a generator voltage of approx. 1.1 Ureted will be 


brought about. 


Gele Generator voltage is substantially reduced when 
load is applied 

- Check the speed of the prime mover. 

- Check the rectifier stacks (5) end (8) (see Item 9.4.1). 


- Check the current transformer (7) and the connexions between 


choke coil (6), ourrent transformer (7) end rectifier (8). 
- Check - or clean if necessary - the contact clamp on the static resi- 


- Reduce the statics adjustment (see Item 7.10). stance r 26. 


The bridge between the termimals R4 and R5 can only be switch- 
ed in with the generator in pure single operation (ses 


: Iten 7.9). 


9455 Current overload in the case of parallel operation 
- Cheok distribution of actual load (see Item 7.10.3). 
— Cheok whether statics is effective (see ltem 70.10.2)0 


- Check whether direction of rotation is in compliance with 
rating plate data (note Item 7.7). 


€ 


- Should one generator take up too much reactive power as 
the load increases, inorease statics of this generator or 
reduce statios of the other generators (a value of 3 % 
must not be exceeded). 


F 


€ 


' = If the measures specified above do not turn out to be a | 


success, the whole installation must be adjusted anew 
(see Items 7.10.5 and 7.1004). 

Before doing this, cheok al] generators for proper runc- 
tioning while used in single operation. 
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9.4.6 Generator voltage oscillates 
~ Check speed governor of the prime mover. 


- Put voltage regulator out of operation (see Item 9.4.2). 
Check whether generator voltage is stable. If this is the 
case, check or replace capacitor c15 and resistor ra4 
on the LP1 printed circuit board or use reserve regulator. 





- lf necessary, Carry out emergency operation (see Item 74.11), | 
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10. Dismantling of the End Shield on the B side 


As the entire exciter set is mounted to the B side end shield, 
the following instructions should be observed when dismantling 
of the end shield is required (eg. for replacement of the 
bearing): 


- Disconnect wires from terminals K1 to «4 on the teruinal 
board and pull them to the inside. 


- Disconnect wires UVw (blue, brown, black), which freed the 
exciter set, from the t-rminal strip. 


- Disconnect wires of the primary winding provided at the 
current transformer, 


- Discofnect the 5 connecting wires from the diode holder. 


~ .enove thrust washer from the diode holder, Row the entire 
diode holder can be taken off. 


- Unscrew the 4 bolts provided at the frame of the exciter 
| machine so that the exciter frame can remain in the machine 
after the end shield has been removed. 


- Unscrew the bolts provided at the board ring. After this 
it is possitle to dismantle the bearing components and to 
remove the end shield together with the entire exciter set. 


- when re-assembling proceed in the reverse order. „ake sure 
that all wires are properly reconnected in accordance with 
the wiring diagram given. 
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Parallelbetrieb: Entregung 
Brücke R4-R5 öffnen . Auferregung y 
| Notbetrieb Schalttafelsollwerteinsteller _ 
| | i (Drehwiderstand 100 Q, 1A) (Drehwiderstand 2,5 k Q, 2,5 W) 
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(D Statorwicklurig des Generators 


(2 Rotor- (Erreger-) Wicklung des Generators m!  Versorgungstransformator 

G) Rotor- (Drehstrom-) Wicklung d. Erregermaschine rt!  Sollwerteinsteller 

(4) Stator- (Erreger-) Wicklung der Erregermaschine : r25 Abs&etzwidorsland ë 
(5) Gleichrichter, rotierend + r28 Statikeinstellwiderstand | 
(6) Drossel für Leerlauferregung ! SG Sägezahngenerator | 
(T) Stromtransformator f. lastabhángige Erregung JS 1, JS2 Integrierte Schaltkreise | 
Kompoundierungs-Gleichrichter p3  Absetztransistor | 
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Statik-Stromwandler für Parallelbetrieb 


Prinzipschaltbiid für 


bürstenlose Generatoren | 097-002 : 112 
(Regler 3) 
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THREE - PH 
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Spare Parts hist 


SE ALTERNATOR 


Types 3 SBEV 456 - 4, 950 kVA 
Ls endshield a.s. 
Bin Vea external plummer block cover 
2. 4 interior plummer block cover 
2.3. external labyrinth socket 
2.4. interior labyrinth socke! 
2 5 cylindrical roller bearing 


endshield b.s.. 


» 
— 
S 


see point 2.1 


g sec point 2.7 2 





TT see point 2.3 

M m see point 2.4 

pO. prooved ball bearing | ' 
fan 


terminal box 


terminal box cover 


k 
- 
.* 


terminal board 


reyulator 
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ie printed circuit board 


9. choke 

lo. current transformer : 
Ie, rotating rectifier set 
Te 1x diode:carrier 


12. "rectifier set i 
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